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Carcinoma in situAbstract Background: It is difﬁcult to detect precancerous lesions such as dysplasia and
carcinoma in situ (CIS) by conventional white light bronchoscopy (WLB). Narrow Band Imaging
Bronchoscopy (NBI) has been reported to detect such lesions more readily.
Objective: The objective of the present study is to characterize the appearance of different airway
mucosal lesions under NBI mode and to evaluate the role of NBI compared to WLB in diagnosis of
premalignant and malignant lesions.
Methods: 30 patients presented with radiological changes to chest department in Fayoum
University Hospital. They were subjected to full airway examination by ﬁberoptic bronchoscopy
ﬁrst under WLB then under NBI. Biopsies were taken from susceptible lesions; pathological
interpretation was performed.
Results: 18 patients (60%) were proved by NBI to have invasive carcinoma compared to 11
patients (36.7%) by WLB. 3 patients (10%) were proved by NBI to have severe dysplasia/CIS com-
pared to 6 patients (20%) by WLB. 3 patients (10%) were proved by NBI to have mild/moderate
dysplasia compared to 4 patients (13.3%) by WLB (p value = 0.03). The sensitivity of both WLB
and NBI (76.9%) is better than WLB alone or NBI alone (9.1% and 57.1% respectively) inrculosis.
342 R.A. Elhefny et al.detecting premalignant lesions while the sensitivity of both WLB and NBI (52.6%) is less than WLB
alone (55.6%) and better than NBI alone (26.7%) in detecting malignant lesions.
Conclusion: NBI can be used in combination with WLB to improve detection of premalignant
lesions. It inﬂuences biopsy selection and therapeutic planning.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest
Diseases and Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Bronchoscopy is a valuable tool utilized for the diagnosis,
staging, and management of lung cancer. Over the past decade,
advanced imaging techniques, such as narrow-band imaging
(NBI) have greatly expanded the diagnostic utility of
bronchoscopy [1]. NBI uses a unique ﬁlter to select light wave-
lengths that preferentially are absorbed by hemoglobin,
thereby permitting superior microvasculature detection.
Because angiogenesis occurs preferentially in dysplastic and
neoplastic lesions, NBI identiﬁes early dysplastic lesions
better than WLB [2]. The biological hypothesis driving the
development of NBI is that the microvascular patterns of
premalignant lesions are different from those of normal
bronchial mucosa [3]. Special emphasis has been placed on
the role of NBI in the early detection and staging of lung
cancer [4]. The early diagnosis of malignant and premalignant
changes of the bronchial mucosa remains a major challenge
during bronchoscopy [5]. Lung cancer, especially in heavy
smokers, is thought to develop through multiple stages from
squamous metaplasia to dysplasia, followed by carcinoma
in situ (CIS), progressing to invasive cancer [6]. It would be
ideal to be able to detect and treat pre-invasive bronchial
lesions deﬁned as dysplasia and CIS before progressing to
invasive cancer. NBI has been suggested to have the capability
of detecting pre-invasive lesions [7].
The aim of the study is to characterize the appearance of
different airway mucosal lesions under NBI mode and to
evaluate the role of NBI compared to WLB in diagnosis of
premalignant and malignant lesions.Subjects and methods
The present prospective study was performed in chest depart-
ment, Fayoum University Hospital between November 2011
and January 2014 on 30 patients presenting with radiological
changes. This study was approved by the Ethics Committee
of the University of Fayoum, Faculty of medicine. All the
patients were informed about the procedure, its potential
beneﬁts and the risks, all patients provided written informed
consent.
All patients were subjected to: detailed history taking thor-
ough clinical examination, routine chemical and hematological
blood analysis including liver and kidney functions tests,
complete blood count, ESR and coagulation proﬁle, plain
chest X-ray (P-A and lateral views) and CT scan of chest with
IV contrast. Full airway bronchoscopic examination, ﬁrst
under WLB then under NBI then biopsy taken from
susceptible lesions followed by pathological interpretation
and grading of different airways mucosal lesions comparing
WLB versus NBI.Fiberoptic bronchoscopy was performed in a well equipped
respiratory endoscopy unit of Fayoum University Hospital.
Bronchoscopy was performed under local anesthesia and con-
scious sedation. Sedation was provided during the procedure
in the form of intravenous midazolam (0.06 mg/kg) and propo-
fol (2.8 mg/kg). Oxygen saturation on pulse oximetry, heart
rate, arterial blood pressure and ECG were monitored and
recorded during procedure.
Video-bronchoscopy was performed using a ﬂexible video-
bronchoscopy system EVIS EXERA II video system center
CLV-180 bronchoscope, CLV-180 Xenon light source, and
LMD – 2140MD LCD monitor; Olympus; Japan. Examina-
tion and inspection of the airways were performed starting
with the vocal cords followed by the trachea, followed by the
right and left bronchial trees. Bronchial mucosa was ﬁrst
examined with the WLB, followed by NBI, the EVIS EXERA
bronchoscope enabled the endoscopist to switch from WLB to
NBI. Trauma to the mucosa, either by the bronchoscope tip or
by suctioning was avoided to prevent image obscure.
Visually pathologic areas under NBI were classiﬁed accord-
ing to the vasculature of the bronchial lesions into four main
types: ‘‘tortuous vessels”, ‘‘dotted vessels”, ‘‘tortuous dilated
vessels” and ‘‘spiral and screw vessels” [8]. Once the pathologic
sites were identiﬁed, targeted biopsies were performed in order
to obtain specimens for pathological examination.
All biopsy specimens were ﬁxed in 10% formalin and
embedded in parafﬁn wax, sections 4 l thick were cut from
each block & stained with Hematoxylin & Eosin. All slides
were examined by the same pathologist blinded to clinical
data.
Pathologic patterns of bronchial submucosal showing
micro vessel structures under NBI technique were examined
and graded [9]. Biopsy specimens were graded according to
an arbitrarily system modiﬁed from International Histological
Classiﬁcation of Tumors of the World Health Organization
(WHO) [10] as follows:
0: Inadequate for histologic examination.
1: Normal.
2: Reactive changes/reserve cell hyperplasia.
3: Squamous metaplasia.
4: Mild/moderate dysplasia.
5: Severe dysplasia/carcinoma in situ (CIS).
6: Invasive Cancer.Statistical analysis
Data were collected, tabulated and statistical analysis was
performed using SPSS software version 18. Chi square test
was used to compare two or more than two qualitative groups.
Pearson correlation analysis was used and P< 0.05 was
considered as statistically signiﬁcant.
Table 4 Description of Narrow-Band Imaging Bronchoscopy
(NBI) gross picture among the study group.
NBI Frequency (n= 30)
No. %
Turtous blood vessels 25 83.3
Abrupt ending blood vessels 10 33.3
Dotted blood vessels 9 30
Polypoid & obstruction of bronchial oriﬁce 5 13.7
Normal 1 3.3
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The study was conducted on 30 patients of different ages rang-
ing from 46 to 90 years old, mean 60 years ± 11.5, they were
22 men (73.3%) and 8 women (26.7%) who underwent WLB
followed by NBI examination. Smoking habit description
was 18 smokers (60%) including 11 patients (36.7%) were
heavy smokers, 4 patients (13.3%) moderate smokers, 3
patients (10%) mild smokers, and 12 non-smokers (40%) as
shown in Table 1. History of malignancy among study group
was positive in 13 (43.3%) patients.
Radiological ﬁnding among study group (Table 2) ranged
between lung mass in 12 (40%), lymph nodes (mediastinal)
in 11 (36.7%), nodule in 8 (26.7%), pleural effusion in 6
(20%), patch (alveolar ﬁlling) in 3 (10%), lung abscess in 2
(6.7%) and atelectatic band in 1 (3.3%) patients.
Gross picture in WBL ranged between abnormal mucosa,
mass, airway narrowing, wide carina, wide sub-carina, extra-
luminal compression, nodule and normal airway (Table 3).













Lung mass 12 40
Lymph nodes (mediastinal) 11 36.7
Nodule 8 26.7
Pleural eﬀusion 6 20
Patch (alveolar ﬁlling) 3 10
Lung abscess 2 6.7
Atelectatic band 1 3.3
Table 3 Description of white light bronchoscopy (WLB)
gross picture among the study group.
WLB Frequency (n= 30)
No. %
Abnormal mucosa 20 66.7
Mass 9 30
Airway narrowing 8 26.7
Wide carina 5 16.7
Wide sub-carina 3 10
Extra-luminal compression 3 10
Nodule 2 6.7
Normal 0 0abrupt ending blood vessels, dotted blood vessels, polypoid
& obstruction of bronchial oriﬁce and normal mucosa. The
description of NBI gross picture among study group (Table 4)
revealed 25 patients (83.3%) had the pattern of tortuous blood
vessels, 10 patients (33.3%) had the pattern of abrupt ending
blood vessels, 9 patients (30%) had dotted blood vessels, 5
patients (13.7%) with a polypoid lesion and obstruction of
bronchial oriﬁce, and 1 patient (3.3%) was normal. Regarding
patients classiﬁcation according to Zaric´s classiﬁcation [11]
(as mentioned in Table 5) revealed 50% of the patient group
were 4th grade, had endobronchial tumor. 43.3% of the
patient group who were 3rd grade had lesions suspicious for
intraepithelial neoplasia and 6.6% of the patient group who
were 2rd grade, had lesions normal not suspicious for
intraepithelial neoplasia.
Out of 30 patients NBI diagnosed 26 (86.7%) malignant
and premalignant cases in the form of 18 (60%) invasive can-
cer, 3 (10%) severe dysplasia/CIS, 3 (10%) mild/moderate dys-
plasia, 1 (3.3%) squamous metaplasia, 1 (3.3%) reactive
change/reserve cell hyperplasia, whereas WLB diagnosed only
22 (73.3%) malignant and premalignant cases in the form of 11
(36.7%) invasive cancer, 6 (20%) severe dysplasia/CIS,
4 (13.3%) mild/moderate dysplasia, 1 (3.3%) squamous
metaplasia, these data are mentioned in Tables 6 and 7.
Comparing NBI and WLB pathological ﬁnding amongTable 5 Description of NBI grading.
NBI grading Frequency (n= 30)
No. %
1st grade (normal) 0 0
2nd grade (normal not suspicious) 2 6.6
3rd grade (suspicious of neoplasia) 13 43.3
4th grade (endobronchial tumors) 15 50
Table 6 Comparison between NBI and WLB pathological






No. % No. %
Invasive cancer 18 60 11 36.7 0.03
Severe dysplasia/carcinoma
in situ (CIS)
3 10 6 20
Mild/moderate dysplasia 3 10 4 13.3
Squamous metaplasia 1 3.3 1 3.3
Reactive change/hyperplasia 1 3.3 0 0












Inadequate mucosa 4 – – – – 4
Reactive change/
hyperplasia
– – – 1 – 1
Squamous metaplasia 1 – – – – 1
Mild/moderate dysplasia – – 1 – 2 3
Severe dysplasia/carcinoma
in situ
1 1 – – 1 3
Invasive carcinoma 2 – 3 5 8 18
Total 8 1 4 6 11 30
Table 8 Comparison of (NBI) and (WLB) ﬁndings among different smoking grades.
Finding Smoking index (NBI) p-Value Smoking index (WBL) p-Value
Mild Moderate Heavy Mild Moderate Heavy
Inadequate mucosa 1 0 0 0.04 2 1 2 0.02
Squamous metaplasia 1 0 0 1 0 0
Mild /moderate dysplasia 0 0 1 0 2 0
Sever dysplasia /carcinoma in situ 1 1 0 0 10 3
Invasive carcinoma 0 3 10 0 6
344 R.A. Elhefny et al.different smoking grades as mentioned in Table 8, it reveals
statistically signiﬁcant difference which implies that smoking
increases the malignancy incidence (p= 0.04, 0.02 respec-
tively) (as seen in Figs. 1 and 2).B
A
Figure 1 Abnormal ﬁnding in the NBI mode, tortuous blood vesse
squamous metaplasia and goblet cell hyperplasia in a trans-bronchialValidity of NBI & WLB in diagnosis of premalignant lung
lesions showed NBI sensitivity 57.1%, while WLB sensitivity
9.1% and combined WLB and NBI sensitivity 76.9% while
validity in diagnosis of malignant lung lesions showed NBID
C
ls (A & B), abrupt ending blood vessels (C). The biopsy showed
biopsy (D) (H & E stain, 10).
AB
Figure 2 Abnormal ﬁnding in the NBI mode, atypical dotted
vessels are visible (A). Trans-bronchial biopsy showing severe
intra-epithelial neoplasia (B) (H & E stain, 10).
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WLB and NBI sensitivity 52.6%.
Positive predictive value (PPV) of 90.0%, and negative
predictive value (NPV) of 72.7% and over all accuracy
(81.8%) of the combination modalities of both WLB and
NBI is better than WLB alone (9.1%, 72.7%, 25.0%, 44.4%,
40.9% respectively) (see Tables 9 and 10).
Discussion
Detection of lung cancer at the intraepithelial stage is believed
to improve cure rates [11]. New bronchoscopic technologies,
autoﬂuorescence imaging (AFI), and NBI are aiming to
diagnose airway neoplasia at a preinvasive stage [12]. WLB
is limited in its ability to detect small intraepithelial, microin-
vasive and preinvasive lesions [13]. NBI uses two band widths
of light and enables enhanced visualization of blood vessels so
can detect early lung cancer [13]. Narrow band bronchoscopyTable 9 Validity of NBI & WLB in diagnosis of premalignant lung
Test Sensitivity (%) Speciﬁcity (%) +ve predictive
NBI 57.1 57.9 33.3
WLB 9.1 72.7 25.0
NBI +WLB 76.9 88.9 90.0
Table 10 Validity of NBI and WLB in diagnosis of malignant lung
Test Sensitivity (%) Speciﬁcity (%) +ve predictive
NBI 26.7 57.1 57.1
WLB 55.6 50.0 71.4
NBI +WLB 52.6 33.3 83.3ﬂashes some light on this problem as we can do rapid scanning
of large areas of the bronchial surface for premature
abnormalities that are not visible by WLB. Previous studies
estimated that invasive carcinoma will develop in 40–83% of
patients with severely dysplastic lesions. Survival rates in
patients with lung cancer are strongly associated with stage
of disease at the time of diagnosis. Currently, only 16% of lung
cancers are diagnosed when the disease is localized, and fewer
at stage 0, resulting in a general ﬁve-year survival rate of only
about 15% [14]. Advances in early diagnostic and treatment
options have the potential to manage lung carcinoma while
still in an intraepithelial stage [13].
This study shows that the use of narrow band image
technology in combination with white light bronchoscopy
improves detection of vascular changes in pre malignant
lesions. Vascular changes have been shown to be correlated
to angiogenesis caused by metaplasia, dysplasia and carci-
noma, as was reported earlier in studies using the narrow band
ﬁltering image technique (NBI) [7]. Our presented data show
that narrow band imaging combined with white light bron-
choscopy improves the sensitivity for detection of intraepithe-
lial premalignant lesions. Our study yielded comparable
results. For NBI, speciﬁcity, sensitivity, PPV, and NPV were
57.9%, 57.1%, 33.3%, and 78.6%, respectively. The corre-
sponding values for WLB were 72.7%, 9.1%, 25.0%, and
44.4%, respectively. The main results of our study showed that
combination of NBI +WLB improves sensitivity to detect
intraepithelial neoplasic lesions, even though this advantage
cannot be applied in detection of invasive lung cancer .In
accordance with this study, Vincent et al. [15], Herth et al.
[7] and Zaric et al. [11] revealed similar results.
Out of 30 patients NBI diagnoses 26 (86.7%) malignant
and premalignant cases in the form of 18 (60%) invasive can-
cer, 3 (10%) severe dysplasia/CIS, 3 (10%) mild/moderate dys-
plasia, 1 (3.3%) squamous metaplasia, 1 (3.3%) reactive
change/reserve cell hyperplasia, whereas WLB diagnoses only
22 (73.3%) malignant and premalignant cases in the form of
11 (36.7%) invasive cancer, 6 (20%) severe dysplasia/CIS, 4
(13.3%) mild/moderate dysplasia, 1 (3.3%) squamous
metaplasia.
Vincent et al. [15] stated that NBI detected ﬁve times more
dysplasias and carcinomas than WLB; the addition of NBI to
WLB signiﬁcantly improved detection of bronchial dysplasia
& malignancy. Herth et al. [7] evaluated the diagnostic yields
of NBI individually and in combination with WLB andlesions.









346 R.A. Elhefny et al.autoﬂuorescence imaging (AFI). It was performed on 62
patients’ age range from 38 to 81 years with mean 56.2
± 9.8, 28 (45%) females, 34 (54%) males. It was concluded
that the detection of squamous dysplasia by NBI is advanta-
geous over AFI screening in detecting early lung cancer. NBI
increases speciﬁcity without compromising sensitivity.
Zaric et al. [11] searched for the most efﬁcient broncho-
scopic imaging tool (WLB, AFI, NBI) and their combination
in the detection of early lung cancer. It included 96 patients,
72 males (75%) and 24 females (25%). age range 27–89 years,
mean 56 ± 10 years. They concluded that NBI is the most
sufﬁcient and effective in detection of premalignant lesions.
Twenty-one studies involving 3266 patients were ultimately
analyzed in Sun’s meta-analysis. The main results of this
meta-analysis showed that combination of AFB +WLB
signiﬁcantly improves sensitivity to detect intraepithelial
neoplasia, even though this advantage seemed much less in
detection of invasive lung cancer [16].
Data from our study are consistent with the data presented
in Sun’s meta-analysis. It must be stated that sensitivity and
speciﬁcity of NBI in detection of pre-malignant lesions could
be dependent on the grade of the lesion.
Increased blood content or vessel growth may account for
why the false positive rate for NBI is high and the speciﬁcity
is relatively the same for WLB.
The description of WLB gross picture among the study
group revealed abnormal mucosa which was found in 66.7%
of these patients. The mucosal abnormal ﬁndings were
inhomogeneous, hypervascular or even changed its normal
pinky color e.g. whitish discoloration which occurred with
leukoplakia, purple or grayish discoloration. The mucosal
surface might be irregular or rough. 30% of the patients had
endo-bronchial mass more than 2 cm in diameter either ﬂat
or lobulated with irregular or poorly deﬁned margin. 26.7%
of the patients had airway narrowing in the form of circumfer-
ential airway wall thickening associated with luminal narrow-
ing. 16.7% of the patients had wide carina with blunting of the
interlobar spur. 10% of the patients had wide sub-carina with
blunting of the intersegmental spur. 10% of the patients had
extraluminal compression in the form of bronchial narrowing
shelves down gradually like a funnel and 6.7% of the patients
had endobronchial nodule less than 2 cm in diameter with ill
deﬁned borders. This bronchoscopic classiﬁcation was similar
to Kennedy et al. [17].
The description of NBI gross picture among the study
group revealed 25 patients (83.3%) had the pattern of tortuous
blood vessels, 10 patients (33.3%) had the pattern of abrupt
ending blood vessels, 9 patients (30%) had dotted blood ves-
sels, 5 patients (13.7%) with a polypoid lesion and obstruction
of bronchial oriﬁce, and 1 patient (3.3%) was normal. Regard-
ing patients’ classiﬁcation according to Zaric´s classiﬁcation
[11] revealed 50% of the patient group were 4th grade, had
endobronchial tumor while 43.3% of the patient group were
3rd grade had lesions suspicious for intraepithelial neoplasia
and 6.6% of the patient group were 2rd grade, had lesions
normal not suspicious for intraepithelial neoplasia. This bron-
choscopic classiﬁcation was similar to Shibuya deﬁnition [11].
Comparing NBI and WLB pathological ﬁnding among
different smoking grades, it reveals statistically signiﬁcant
difference which implies that smoking increases the malig-
nancy incidence (p= 0.04, 0.02 respectively).In conclusions, NBI can be used in combination with WLB
to improve detection of premalignant and malignant lesions. It
inﬂuences biopsy selection and therapeutic planning and shows
better speciﬁcity and sensitivity than WLB alone. Combination
of both techniques is of great value in airway screening and
biopsy selection. NBI is useful for detection and characteriza-
tion of vascular pattern of precancerous and cancerous
lesions of the bronchial mucosa. Application of this modern
technique allows predicting the histology of lesions and depth
of invasion.Conflict of interest
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